Bacillus thuringiensis serovar kyushuensis (H antigen 1 la: lie) was established by Ohba and Aizawa (8) on the basis of a strain isolated in Japan. This strain produces parasporal inclusions with moderate larvicidal activity specific for mosquitoes. Several investigators have shown that the parasporal inclusion of the serovar kyushuensis consists of proteins of three to four sizes (3, 5 ), one of them showing cytolytic activity for vertebrate red blood cells (6). A similar mosquitospecific toxicity has also been recognized in several B. thuringiensis isolates belonging to different serovars (1, 9-12). However, relatively little is known about the immunological relationships between parasporal inclusion proteins of the serovar kyushuensis and the other mosquito-specific isolates. We undertook the study reported herein to determine if inclusion proteins of kyushuensis are antigenically related to those produced by the strains belonging to the three other serovars.
dextran sulfate-polyethylene glycol. Further purification was performed by Percoll (Pharmacia, Sweden) density gradient centrifugation. The purity of parasporal inclusions was more than 99.5% when examined by phase contrast microscopy. Purified parasporal inclusions were suspended in PBS (pH 7.2) , and stored at -20°C until use . Parasporal inclusions were solubilized in 50mM Na2CO3 (pH 10.0) with 10 mM dithiothreitol (DTT) and 1 mM EDTA for 60 min at 37°C. Undissolved material was removed by centrifugation at 10,000 X g for 10 min at 4°C.
Concentration of the protein was determined by using the Bio-Rad protein assay kit (Bio-Rad Laboratories, Richmond, Ca.) with bovine IgG as the standard. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of the protein (5 ,ug) was performed by the method of Laemmli (7), with a 3.3% stacking gel and 10% separating gel in a Bio-Rad Minigel System (Bio-Rad Laboratories, Richmond, Ca.).
For production of antiserum against whole inclusion proteins of the serovar kyushuensis type strain, solubilized inclusions were emulsified with Freund's complete adjuvant (Difco) and injected subcutaneously into a white rabbit three times at 7-day intervals. The rabbit received a booster intravenously 1 week later, and was bled 1 week following the last injection. A total of 2 mg of inclusion proteins was used for immunization.
Ouchterlony double immunodiffusion tests were carried out examining the serological relationships of the native inclusion proteins of the four B, thuringiensis strains. The solubilized inclusion proteins were dialyzed against 50 mM Tris-HC1 buffer (pH 8.5) overnight prior to use. Precipitin lines were observed after 24 h incubation at 4°C in a moistened chamber.
For immunoblot analysis (15), samples (200 ng protein) were separated in SDS-polyacrylamide gels and transferred electrophoretically at 4°C to polyvinylidene difluoride (PVDF) membranes with transfer buffer (pH 8.3) consisting of 25 mM Tris, 192 mM glycine, 20% methanol, and 0.01% SDS. The membranes were treated overnight at room temperature with blocking buffer (PBS, pH 7.2, containing 5 % skimmed milk powder and 0.05% Tween 20), and incubated in blocking buffer containing antibodies raised against serovar kyushuensis inclusion proteins. After washing extensively with 50mM Tris-buffered saline (pH 7.5) containing 0.05% Tween 20, the membrane was incubated with goat anti-rabbit IgG conjugated alkaline phosphatase (TACO Inc., Buringame, CA) for 2h at 25°C, followed by further washing with Tris-buffered saline. Visualization was performed with nitro blue tetrazolium chloride and 5-bromo-4-chloro-3-indolyl toluidinate (Wako Pure Chem., Osaka) as the color substrate. Non-specific binding of the antibodies to protein marker molecules was not evident in the present immunoblot analysis. In addition, there was no binding of non-immune antibodies to inclusion proteins. Figure 1 shows the result of Ouchterlony double immunodiffusion tests. Polyclonal rabbit antiserum against the solubilized whole inclusion proteins of the serovar kyushuensis type strain reacted strongly with homologous antigens. In addition, marked cross-reactions were observed with the inclusion proteins of serovar darmstadiensis strain 73-E-10-2; two intensive immunoprecipitin lines were clearly formed. Single broad immunoprecipitin lines were weakly formed between the kyushuensis antiserum and the inclusion proteins of serovar israelensis and serovar morrisoni strain PG-14.
Comparative immunoblot analysis was performed to further investigate the antigenic relationships of inclusion proteins among the four B. thuringiensis serovars with mosquitocidal activity. The protein compositions of the parasporal inclusions of these mosquito-specific B. thuringiensis strains are shown in Fig. 2A . The protein profiles of these strains were consistent with those reported by the previous investigators (2, 5, 14, 16, 17) . As shown in Fig. 2B , the antiserum against solubilized inclusions of the serovar kyushuensis type strain showed strong immunoreactivity to the homologous inclusion proteins with molecular masses of 25, 70-80 (quartet), and 150 kD. This antiserum also reacted with inclusion proteins of the three other mosquito-specific strains: (i) israelensis, 65, 80, and 130 kD (doublet); (ii) PG-14,140 kD (doublet); and (iii) 73-E-10-2, 25 (faint in Fig. 2B ), 50 (doublet), 70 (doublet), and 150 kD. In particular, inclusion proteins of 73-E-10-2 exhibited marked cross-reactivity. This, coupled with the result of Ouchterlony tests, indicates that among the three strains tested 73-E-10-2 is most closely related to kyushuensis in terms of antigenicity of parasporal inclusions.
It is noteworthy that the kyushuensis antibodies reacted appreciably with inclusion proteins, in particular 65-kD protein, of the type strain of serovar israelensis. This is in contrast to the result of Ouchterlony test in which only a weak The center well contained 20 ul of undiluted antiserum against the serovar kyushuensis inclusion proteins. The wells around the antiserum well contained 20 i1(1 mg/ml) of antigens of (1) serovar israelensis, (2) serovar morrisoni PG-14, (3) serovar darmstadiensis 73-E-10-2, (4) serovar kyushuensis type strain, (5) bovine serum albumin in dialysis buffer, and (6) the dialysis buffer control. reaction occurred. Although the cause of this difference is unclear at present, our observation supports the results of Held et al. (5) , who showed the occurrence of common antigen epitopes in inclusion proteins of these two strains by using israelensis antibodies. It is also of interest that the present study revealed the difference in immunoblot profiles between israelensis and PG-14. This is in good agreement with the results of Ouchterlony tests obtained by Padua et al. (13) in which although a substantial similarity was evident in inclusion proteins of these two strains, the difference was also clearly demonstrated. In this study, kyushuensis antibodies failed to cross-react with the israelensis 28-kD protein, a protein with broad cytolytic activity for vertebrate erythrocytes. Earp et al. (3) reported that the israelensis 27-kD (28-kD in the present study) protein lacks the serological homology with the kyushuensis hemolytic protein of this class.
In conclusion, it is clear from the present study that the type strain of serovar kyushuensis shares common inclusion protein antigens with the other mesquitospecific strains of the three serovars in varying degrees.
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